DNA from Escherichia coli strains in a reference collection of 72 recent natural isolates (ECOR strains) and 25 natural isolates from the "pre-antibiotic" period 1930 -1940 were studied to determine the genomic abundance of insertion element ISS and the size of genomic restriction fragments carrying sequences homologous to IS5. Among the ECOR strains, nearly two-thirds lack DNA sequences that hybridize with IS5, and one-half of the remainder have only one copy. Among strains in which ISS is present, extensive variation in the, size of IS5-bearing restriction fragments occurs, in many cases allowing distinction 'among strains that are judged to be nearly identical in genotype because of the identical electrophoretic mobility of the enzyme coded by each of 11 chromosomal loci. Among the Murray strains in which IS5 is present, the average number of elements per strain is larger, but not markedly so, than among recent isolates. Comparison between duplicate strains in the Murray collection suggests that the rate of accumulation of IS5 elements in prolonged storage in stab tubes corresponds to an apparent probability of transposition of -0.008 ± 0.002 per ISS element per year. Because of the extensive genetic variation among strains, insertion elements such as ISS would seem to be convenient genetic markers with which to detect recent common ancestry among strains.
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Insertion sequences (IS) are prokaryotic DNA elements that are capable of transposition into several or many sites within the genome (1, 2) . Such elements, which range in size from 800 to 2000 base pairs, are ubiquitous in prokaryotes and in their bacteriophages and plasmids. They evidently carry little or no genetic information other than that required for the occurrence and regulation of transposition. Although much is known about the DNA sequence organization and the molecular biology of insertion sequences, little is known about the mechanisms governing their persistence and abundance iri natural populations (3, 4) . Documented genetic effects of IS sequences include the fusion of independent replicons, formation of deletions near the site of insertion, and altered expression of nearby genes owing to transcriptional start or stop signals present in the elements (5) (6) (7) (8) . In at least one case, an IS interacts physiologically with the host, resulting in an increased growth rate of host cells under particular environmental conditions (9) .
The genome of Escherichia coli K-12 carries from 1 to 10 copies of at least five distinct IS, designated ISI-ISS (1) .
Studies of several IS elements among a limited number of laboratory strains and natural isolates indicate that the number of copies of a particular element can vary widely (10) (11) (12) . Riley and co-workers have also found extensive variation among natural isolates in the size of restriction fragments carrying sequences homologous to bacteriophage X and in the number of such fragments (13, 14 (17, 18) . It codes for two proteins: a large one with a coding region of 978 base pairs extending through most of the element, and a small one with a coding region of 324 base, pairs completely included within the other but transcribed from the opposite strand (19, 20) . The ends of IS5 form an imperfect 16-base-pair inverted repeat (one mismatch), and the element creates a 4-base-pair duplication of target sequence at the site of insertion. The consensus target sequence of IS5 insertion is C-(A or T)-A-(A or G) (17) .
Among the ECOR and Murray strains, we find extensive genetic variation in the number of copies of IS5, including many strains that lack the element, as well as in the size of DNA restriction fragments that contain sequences homologous to IS5. Genetic similarity with respect to IS5 is retained only among strains that seem to have diverged very recently.
We suggest that IS5 and other insertion sequences will be useful genetic-markers in the study of closely related strains.
MATERIALS AND METHODS
Strains. The ECOR collection of E. coli strains was generously provided by H. Ochman and R. K. Selander. The strains are numbered sequentially from 1 through 72. Details on the sources of the strains and their electrophoretic type at 11 enzyme loci are provided by Ochman and Selander (15) . The 25 E. coli strains in the Murray collection were kindly provided by N. Datta. Details concerning the Murray strains are provided by Hughes and Datta (16) . The numbers of the Murray strains are those assigned by the National Collection of Type Cultures (London). In this paper, the strain numbers are preceded by an M to indicate that the strains derive from the Murray collection.
An E. coli strain carrying plasmid pMN4 was kindly provided by R. E. Wolf, Jr., for the isolation of an IS5-specific hybridization probe. The plasmid consists of pBR322 with an E. coli gnd-bearing EcoRI restriction fragment inserted into the EcoRI site. This E. coli fragment also carries most of the Abbreviations: IS, insertion sequence(s); kbp, kilobase pairs. *To whom reprint requests should be addressed.
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IS5 element normally found upstream of the gnd gene (clockwise from gnd in the genetic map) in E. coli K-12 (21, 22) . A detailed restriction map of pMN4 is provided by Nasoff and Wolf (23) .
DNA Hybridization. Methods of DNA extraction, digestion with restriction endonuclease, gel electrophoresis, transfer to nitrocellulose filters, and hybridization with radioactive probe have been described (9) . In the present experiments, DNA extracted from natural isolates was digested with EcoRI, and after gel electrophoresis and transfer to nitrocellulose, it was hybridized with the IS5-specific probe described below.
To identify strains lacking IS5 elements, all strains were initially screened by means of dot blots. For this purpose, overnight cultures of 0.4 ml were centrifuged and resuspended in 0.2 ml of 50 mM Tris HCI/50 mM EDTA, pH 8.0. Cells were incubated at 370C for 15-30 min after addition of 0.2 ml of protease K (5 mg/ml), and for an additional 15 min after addition of 10% (wt/vol) sodium lauryl sulfate. Suspensions were chilled on ice, and after addition of 22 /xi of 5 M NaOH, were incubated at room temperature for 15-30 min.
Suspensions were again chilled, and 140 gl of 3 M NH4Ac was added. Resulting samples were placed in the wells of a Schleicher & Schuell Micro-Sample Filtration Manifold apparatus containing Whatman 3MM filter paper supporting a Schleicher & Schuell BA85 nitrocellulose filter previously soaked in water and then in 1 M NH4Ac. After the filtration of samples through the nitrocellulose, the filter was dried in air, baked at 80'C for 2 hr, and hybridized with probe as described (9) .
Probe. Fig. 1 is an abbreviated restriction map of plasmid pMN4. The bar corresponds to the inserted E. coli EcoRI fragment, and the thin lines correspond to sequences in pBR322. The location of part of IS5 in the plasmid is indicated. The EcoRI site comprises nucleotides 99-104 (numbering from the left), and the Bgl II site comprises nucleotides 1038-1043, of the 1195-base-pair IS5 element (17) . Purified plasmid was cleaved with EcoRI and Bgl II, and the resulting 0.94-kilobase-pair (kbp) EcoRI/Bgl II restriction fragment was isolated from agarose by means of the glass powder method (9) . This fragment was used as the IS5-specific probe in all DNA hybridizations.
RESULTS
The overall distribution of IS5 among ECOR and Murray strains is summarized in Table 1 and Fig. 2 . The three groups of strains in the ECOR collection are those defined by Whittam et al. (24) and by Ochman and Selander (15) as representing three major subdivisions of natural isolates of E. coli based on the electrophoretic type of allele present at 11 chromosomal loci.
The data in Table 1 strains are shown in Fig. 3 . Control hybridizations (data shown below) with restriction enzyme digests of DNA from these strains, including a subset lacking IS5, indicate that the number of copies of IS5 present in a strain cannot be estimated reliably by the dot blot method, particularly when the number of copies is more than a few. However, strains lacking IS5 can be identified unambiguously. All strains containing IS5 identified in the dot blots were studied further in IS5-probed Southern blots (25) of bacterial DNA digested with the restriction enzyme EcoRI. An example is shown in Fig. 4 . In such an experiment, each IS5 in the genome should theoretically produce a single hybridizing DNA fragment with one EcoRI cleavage site within IS5 itself and the other EcoRI cleavage site in the host DNA to the right of the element as it is oriented in Fig. 1 . Two IS5 elements in opposite orientation not flanking a host EcoRI site would also produce a single band, but it would be expected to have approximately double the intensity of bands containing only a single copy of IS5. These cases cannot be distinguished from those resulting from the superposition of two fragments of nearly the same molecular weight, each containing a single IS5. However, owing to the small number of IS5 elements found in most of these strains, examples of bands with apparent double intensity are infrequent. The relatively small number of IS5 elements usually results in good separation of IS5-hybridizing bands that can be counted without ambiguity. Very strong hybridization signals indicative of IS5 elements present in high-copy-number plasmids were not observed. Elements present in low-copy-number plasmids cannot be distinguished from chromosomally borne elements using our procedures.
Five (12) . Strains 61 and 62 were both isolated from the same population of Swedish schoolgirls. Altogether, Table 2 (10, 11), but we cannot exclude some part of the variation being due to restriction site polymorphisms (14) or to elements located on plasmids that are present in some strains but not in others. Nevertheless, because of this extensive variation, population studies of transposable elements should include as many independent isolates as feasible. The principal implication of variation in the number and genomic location of IS sequences is that such elements provide convenient genetic markers for detecting recent common ancestry among strains.
The occurrence of IS5 in natural isolates of E. coli is associated with electrophoretic phenotype in that group I contains a greater proportion of strains carrying IS5 than do groups II and III. Moreover, among strains carrying IS5, the average number of elements per strain is greater in group I than in groups II and III (though not statistically significant). The original separation into three groups was based on factor analysis of electrophoretic data (24) . The groups are therefore defined on the basis of statistical similarity of electrophoretic phenotypes. However, the correlations with IS5 provide independent support for the existence of underlying clusters of strains among natural isolates.
The Murray strains provide a unique opportunity to study the accumulation of transposable elements in cultures undergoing prolonged storage. The average number of IS5 elements among Murray strains is 5.7 ± 1.2, which is significantly greater than the average of 3.2 ± 0.8 found among the ECOR group I strains, the subgroup of recent natural isolates with which the Murray strains are most similar. Three pairs of duplicates in the Murray collection provide a quantitative estimate of the apparent rate of transposition of IS5 during prolonged storage, the average apparent rate being 0.008 ± 0.002 per IS5 element per yr. This estimate pertains only to the standard storage procedures used by Murray, and it is an average. Transpositions may occur inhomogeneously in time, perhaps preferentially in the first years after storage. The rate of transposition may also differ according to the conditions of storage or in strains maintained by serial transfer. Since the effective generation time of strains undergoing storage in stab tubes is unknown, it is not possible to convert the transposition rate from years to generations. In addition, the estimated rate applies only to IS5, although comparisons of K-12 strains suggest that the average apparent rate of transposition of IS], IS2, and IS3 may be of the same order of magnitude (10) . In any case, the estimated rate of transposition of IS5 is sufficiently rapid to account for the differences observed among electrophoretically identical strains but sufficiently slow to maintain a close similarity among strains for at least 50 yr of storage.
